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AGGLUTINATION OF STREPTOCOCCI 
Y. Nakayama 

From the John McCormick Institute for Infectious Diseases, Chicago 

Since many years different workers have tried to distinguish 
between strains of streptococci by means of agglutination, but so far 
uniform results have not been obtained. In 1902 F. Meyer 1 made 
experiments with the serum of animals immunized with streptococci 
from articular rheumatism, and he found that while nearly all the 
strains of streptococci of human origin which he examined were 
agglutinated by the serum, the strains from rheumatism and angina 
were agglutinated most readily while those from scarlet fever and 
suppurative processes were agglutinated in only slight degree if at all. 
On the basis of this result Meyer would classify streptococci into 
two groups; those from the pharynx, and those which are found in 
suppurative processes. Moser and von Pirquet 2 found that the serum 
of horses immunized with streptococci from scarlet fever would 
agglutinate such streptococci in high dilutions. Salge and Hasenknof 3 
observed that serum from patients recovering from scarlet fever 
would agglutinate streptococci from scarlet fever specifically, and had 
no effect on streptococci from other sources. These results seemed to 
indicate that the streptococci of scarlet fever were of a class by 
themselves. Jogichess, 4 however, asserted that the agglutination of 
streptococci by scarlet fever serum was not specific. From extensive 
study of agglutination of streptococci by the serum of scarlet fever 
patients, Weaver 5 concludes as follows: "Of streptococci cultivated 
from cases of scarlatina, some are agglutinated by almost all scarla- 
tinal serum, but at dilutions varying from 1:160 to 1:4000; others 
are agglutinated by the same sera with less constancy and at lower 
dilution, and many are not agglutinated at all. . . . The agglu- 
tination reaction between the streptococci cultivated from cases of 
scarlatina and the serum from the cases of scarlet fever, is in no 
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way specific and cannot be of any value as a means of diagnosis." 
Aronson 6 holds that while agglutination of streptococci is specific, 
changes occur in streptococci when they are passed through animals 
such as mice, rabbits, etc., the cocci acquiring new special character- 
istics. He immunized horses with streptococci from patients with 
pyemia, middle-ear infection, scarlet fever, and with streptococci from 
infections in horses, and found hardly any cross-agglutination between 
the serums thus obtained and the two groups of streptococci. Neufeld 7 
holds a still different view, and affirms that the agglutinability of strep- 
tococci and their toxicity are in inverse proportion, the stronger the 
toxicity of a given strain the less the agglutinability, and vice versa. 
We see that there is no agreement among the investigators : Meyer 
distinguishes pyogenic streptococci from the pharyngeal by means of 
agglutination ; Moser and von Pirquet, Salge and Hasenknof find a 
difference between streptococci from scarlet fever and streptococci 
from other sources, but Jogichess came to an opposite conclusion as 
did also Weaver; while Aronson asserts that streptococci readily 
change their agglutinative characteristics, and Neufeld lays stress on 
the fact that with increasing toxicity streptococci lose in agglutinability. 

NEW EXPERIMENTS ON AGGLUTINATION 

The following strains of streptococci were used in my experiments : 



train 


i Source 


Chains 


Hemolysis 


Growth in Dextrose Broth 


1 


Tonsillitis, scarlet fever 


Long 


+ 


Clear after 2-3 days 


2 


Tonsillitis, scarlet fever 


Long 


+ 


Cloudy 


3 


Tonsillitis, scarlet fever 


Long 


+ 


Cloudy 


4 


Tonsillitis, scarlet fever 


Long 


+ 


Cloudy 


5 


Pneumonia in horse 


Long 





Cloudy 


6 


Tonsillitis 


Long 





Cloudy 


7 


Frontal sinusitis 


Long 


+ 


Cloudy 


8 


Tonsillitis 


Long 


+ 


Clear 


9 


Abscess 


Long 


+ 


Cloudy 



Rabbits were injected, first with streptococci grown in 2% dextrose 
broth for 24 hours, 1-3 loops of the centrifugated sediment being 
suspended in 3-5 c c of salt solution and then heated in the water-bath 
at 60 C. for 1 hour. Three more injections were given at intervals of 
5-7 days of the same material in doses of 3-5 loops in 5-7 c c of salt 
solution, but without being heated. All injections were given intra- 
venously, and serum was obtained 7-10 days after the last injection. 

« Deutsdir. med. Wclinschr., 1903, 29, p. 439. 

7 Ztschr. f. Hyg. u. Infektionskrankh., 1903, 44, p. 161. 
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The suspension of streptococci used in the tests consisted of cocci 
grown in 2% dextrose broth for 24 hours, suspended in salt solution 
after centrifugation, and shaking with small glass balls so- as to break 
up the chains; 3% carbolic acid was added. The tests were made in 
capillary tubes ; the mixtures were incubated at 37 C. for 2 hours and 
then left in room temperature for 24 hours before the results were 
read finally. 





TABLE 1 
Agglutination of Streptococc 












Antiserums 
(Each serum is 


Streptococci 


the streptococcus used 
in the immunization) 


1 


2 


3 


4 


5 


6 


7 


8 


9 


Antiserum 3 


1,280 
160 
40 

80 


320 
160 

80 



2,560 

160 

80 




(1:40) 
80 
80 



40 

1,280 

40 

40 




80 

640 




160 

160 



640 


80 
160 

80 
610 


320 



40 

160 







Table 1 gives the results obtained with the serum of rabbits 
immunized in the way described with strains 3, 5, 6 and 7. We note 
that three of the streptococci from scarlet fever are agglutinated in 
high dilutions by the serum of the rabbits immunized with a strepto- 
coccus strain from scarlet fever but not with the serum of rabbits 
immunized with streptococci from other sources ; furthermore, that 
the serum of a rabbit immunized with the streptococcus from pneu- 
monia in a horse agglutinated this streptococcus in higher dilution 
than it agglutinated streptococci from other sources ; the same is also 
true with respect to streptococcus 6 and 7 — in each case the homol- 
ogous strain is agglutinated in higher dilutions than the strains from 
other sources. It should be noted, however, that the agglutination is 
not strictly specific because streptococcus 9, for instance, isolated from 
an abscess was agglutinated in a dilution of 1 : 320 of the serum of a 
rabbit immunized with streptococcus 3. 

Special attention is directed to the fact that the serum obtained 
with streptococci 7 and 8 did not agglutinate streptococci from scarlet 
fever, and as this result seemed fairly specific absorption experiments 
were made in the following manner: Immune serum was diluted 10 
times with 0.9% salt solution and 10 loopfuls were added of the 
centrifugated sediment of streptococcus cultures in 2% dextrose broth 
grown at 37 C. for 24 hours ; this suspension was incubated for 2 hours 
and centrifugated thoroughly. With the clear fluid agglutination tests 
were made in the usual wav. The results are shown in table 2. We 
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note that streptococcus 3 removes from its homologous serum the 
agglutinins for scarlatinal streptococci and to a less extent also the 
agglutinins -for other streptococci. When the serum of rabbits immu- 
nized with streptococcus 1 and 2, also obtained from scarlet fever, 
was treated with streptococcus 3, the agglutinins for streptococcus 3 
remain largely unaffected, showing that apparently there are differ- 
ences in the agglutinins for different streptococci from scarlet fever. 
The agglutinins for streptococcus 3 are not removed by absorption 
with streptococcus 7, which was obtained from the frontal sinus. 
Streptococcus 7 removes the agglutinins from its antiserum for itself 
as well as for streptococcus 8 and 9. Streptococcus 9 removes the 
same agglutinins as does also streptococcus 8. 



TABLE 2 
Absorption Experiments with Antistreptococcus 


Serum 






Treatment of Antiserum 

(Each antiserum is 

numbered the same as 

the streptococcus used 

in the immunization) 


Streptococci 


1 


2 


3 


4 


5 


6 


7 


8 


9 


Antiserum 3 untreated.. . 
Antiserum 3 treated with 

Antiserum 3 treated with 

Antiserum 3 treated with 

Antiserum 3 treated with 

Antiserum 3 treated with 

Antiserum 5 untreated. . . 
Antiserum 5 treated with 

streptococcus 5 

Antiserum 7 untreated.. . 
Antiserum 7 treated with 

Antiserum 7 treated with 

streptococcus 9 

Antiserum 7 treated with 

Antiserum 6 untreated.. . 

Antiserum 6 treated with 


1,280 

40 

640 

640 

40 

640 
160 

160 
80 

40 

80 

40 
40 

40 


320 

20 

320 

160 

80 

40 
160 

80 







80 

40 


2,660 

80 

2,560 

1,280 

160 

640 
160 

40 







80 

40 


(1:40) 
(1:20) 







80 

40 







80 




40 

40 

40 

40 

40 

40 
1,280 

40 
40 






40 

40 




20 

20 

20 

20 

20 
80 

40 







640 

40 


160 

80 

80 

80 

160 
160 

40 

640 

40 

160 

80 





80 

40 

80 

80 

20 

80 
160 

20 
610 

40 

160 


80 

40 


320 

20 

80 

20 

80 

160 


20 
160 

40 



80 
40 

40 



PHAGOCYTOSIS 

The problem here was to determine whether streptococci could be 
separated into different groups by means of specific opsonins. I used 
the same serums as those in the agglutination experiments, and leuko- 
cytes from normal animals. The mixtures, equal parts, were incubated 
for 15 minutes when smears were made. The results are shown in 
table 3 and they appear to indicate that opsonins and agglutinins for 
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streptococci do not run parallel always because in some cases in 
which a serum agglutinated a given streptococcus it had no increased 
opsonic effect, and vice versa. The streptococci from scarlet fever 
appear to agree fairly well in their reactions with agglutinins and 
opsonins. 

TABLE 3 
Relation of Agglutinins to Opsonins in Antistreptococcus Serums 





Streptococci 




1 


2 


3 


4 


5 


6 


7 


8 


9 


Antiserum 3 

Agglutination 

Antiserum 5 

Opsonic index 

Antiserum (S 

Opsonic index 

Antiserum 7 

Opsonic index 

Agglutination 


2.6 
1,280 

1.3 

160 

1.35 
40 

1.0 

80 


2.9 
320 

0.8 
160 

1.3 

80 

1.3 




3.9 
2,560 

1.2 
160 

2.2 
80 

1.1 



1.7 


*2.7 
80 

1.85 
80 

1.4 




1.2 
40 

2.0 
1,280 

1.15 

40 

0.93 
40 


0.8 


1.2 
80 

3.1 
640 

1.35 



2.6 
160 

2.8 
160 

0.9 


2.0 
640 


1.4 

80 

1.33 

160 

2.1 

80 

1.5 
640 


0.95 
320 

1.9 



1.3 
40 

1.8 
160 



indicates no result at 1:40. 



AGGLUTINATION OF STREPTOCOCCI TREATED WITH CINNABAR 

It has been shown that it is difficult to classify streptococci by 
means of agglutination because of the existence in the same anti- 
streptococcus serum of several distinct agglutinins. If the action of 
some of these agglutinins could be eliminated it might be easier to 
separate streptococci into different groups by means of agglutination. 
Perhaps this might be accomplished if streptococci could be rendered 
insusceptible to the action of such minor agglutinins. With this idea 
in mind I treated streptococci with cinnabar according to the method 
of Prof. T. Matsushita who suggested to me that by such treatment 
the reactions of streptococci by agglutinins might be modified. 

Streptococci grown on blood agar for 24 hours at 37 C. were 
suspended in 0.9% salt solution to which a small amount of cinnabar 
was added; this mixture was then shaken for about 15 minutes and 
either centrifugated for a short time or allowed to stand for several 
hours until the cinnabar and other coarse particles had settled to the 
bottom, the supernatant fluid being used for immunization and for 
agglutination tests. For immunization with streptococci treated in 
this way I used streptococci 2 and 3, both from scarlet fever, and 
streptococcus 7, from the frontal sinuses. The results obtained in 
agglutination tests with the serums of rabbits immunized with cinnabar- 
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TABLE 4 
Comparison of Agglutination of Streptococci With and Without Treatment 

With Cinnabar 





Antiserum 3 


Antiserum 7 




Serum of 


Serum of 


Serum ol 


Serum ol 


Serum ol 


Serum ol 




Babbit 


Rabbit 


Rabbit 


Babbit 


Babbit 


Babbit 




Immunized 


Immunized 


Immunized 


Immunized 


Immunized 


Immunized 


Strepto- 


with 


with 


with 


with 


with 


with 


coccus 


Untreated 


Treated 


Treated 


Untreated 


Treated 


Treated 




Strepto- 


Strepto- 


Strepto- 


Strepto- 


Strepto- 


Strepto- 




cocci 


cocci 


cocci 


cocci 


cocci 


cocci 




+ 


+ 


+ 


+ 


+ 


+ 




Untreated 


Treated 


Untreated 


Untreated 


Treated 


Untreated 




Strepto- 


Strepto- 


Strepto- 


Strepto- 


Strepto- 


Strepto- 




cocci 


cocci 


cocci 


cocci 


cocci 


cocci 


3 


2,560 


2,560 


2,560 


_ 


_ 


— 


1 


1,230 


80 


640 


— 


— 


— 


2 


320 


40 


80 


— 


— 


— 


7 


160 


40 


40 


640 


5,120 


5,120 


8 


— 


— 


— 


640 


160 


320 


9 


320 


160 


320 


160 


1,280 


1,280 



TABLE 5 

Results of Tests With Serums Produced With Streptococci Treated With Cinnabar 

Acting on Streptococci so Treated 



Strain 



Source 



Chains 


Hemol- 




ysis 


Long 


+ 


Long 


+ 


Long 


+ 


Long 


+ 


Long 





Long 





Long 


+ 


Long 


+ 


Long 


+ 


Long 


+ 


Long 


+ 


Long 


+ 


Long 


+ 


Long 


+ 


Long 


+ 


Long 


+ 


Long 


+ 


Long 


+ 


Long 


+ 


Long 


+ 


Long 


+ 


Long 


+ 



Growth in 

Dextrose 

Broth 



Agglutination 



Anti- 
serums 



Anti- 
serum 2 



Anti- 
serum 7 



2 
3 
4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 
15 
16 

17 
18 
19 

20 
21 

22 



Tonsillitis scarlet lever 

Tonsillitis scarlet lever 

Tonsillitis scarlet fever 

Tonsillitis scarlet fever 

Pneumonia in horse 

Tonsillitis 

Frontal sinusitis 

Tonsillitis 

Abscess 

Abscess 

Tonsillitis 

Normal throat 

Chronic tonsillitis and 

pharyngitis 

Tonsillitis 

Hypertrophied tonsil 

\ormal throat 

Tonsillitis 

Hypertrophy of tonsil 

Normal throat 

Tonsillitis 

Peritonsillar abscess 

Tonsillitis 



Clear alter 
2 or 3 days 
Cloudy 
Cloudy 
Cloudy 
Cloudy 
Cloudy 
Cloudy 
Clear 
Cloudy 
Cloudy 
Cloudy 
Cloudy 

Clear 
Cloudy 

Clear 
Cloudy 

Clear 

Clear 

Clear 
Cloudy 
Cloudy 
Cloudy 



80 

40 

2,560 



40 



40 

80 

160 

80 

640 

160 

160 
160 
80 
160 
160 
80 
80 
320 
320 
320 



640 

2,560 
320 

640 



40 

160 



40 

80 

80 
160 





40 

80 
160 
160 



160 



80 

40 

160 

80 

5,120 

160 

1,280 



40 



160 
160 
320 
640 
160 
320 
40 
160 



indicates no result at 1:40; — indicates no test 
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treated streptococci did not differ from those obtained with the serum 
of rabbits immunized with untreated streptococci so far as the homol- 
ogous strains of streptococci are concerned, but in the case of heterol- 
ogous strains of streptococci there was often less agglutination with 
the serum from the rabbits immunized with treated streptococci than 
with the serum of rabbits immunized with untreated streptococci. It 
appears that the treatment of streptococci with cinnabar in the way 
described presents to a certain degree the production of minor agglu- 
tinins when such streptococci are injected into rabbits (tables 4 and 5). 

SUMMARY 

It has been found that the serum of rabbits immunized with strep- 
tococci agglutinate homologous streptococci readily but heterologous 
streptococci less definitely. 

It appears that there is considerable similarity on the part of 
streptococci obtained from scarlet fever, but it does not seem as if any 
distinct line can be drawn between streptococci obtained from the 
throat and ordinary suppurative processes by means of agglutination 
tests. Absorption experiments do not give decisive results. 

When rabbits are immunized with streptococci treated with cinna- 
bar the formation of minor agglutinins seems to be less than in rabbits 
immunized with streptococci that have not been so treated, but the 
results obtained from experiments along these lines are not definite 
enough to indicate that the method can be used to separate streptococci 
into distinct groups. 

Agglutinins and opsonins do not always run parallel in the serum 
of rabbits immunized against streptococci, and it does not seem 
possible to classify streptococci by means of opsonins. 



